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Rhizosphere soil nutrients and bacterial community structures
of dominant herbs around Pulang Copper Mine in
Yunnan Province
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Abstract: [Background] Mining practices has a serious impact on the eco-environment around
the mine. It is of great significance to explore the characteristics of soil nutrients and bacterial
community structure around the mine for vegetation restoration. [Objective] To explore the
characteristics of soil nutrients and bacterial community structures in different habitats around
the Pulang Copper Mine in Shangri-La, Yunnan province. [Methods] The rhizosphere soil
samples of dominant herbaceous plants were collected from four habitats (subalpine meadow,
valley meadow, mine woodland, and subalpine woodland) around the Pulang Copper Mine to
reveal the characteristics of soil nutrients and bacterial community structures of different
habitats around the mine. [Results] The soil samples from the mine woodland had the highest
nutrient content, which generally reached the medium or above level. Acidobacteriota,
Actinobacteriota, and Proteobacteria were the dominant phyla of soil bacteria in the four
habitats around the mine, with relative abundance ranging from 11.7% to 60.4%.
Bradyrhizobium, Afipia, and Arthrobacter were the dominant genera, with relative abundance
ranging from 6.1% to 53.6%. Mantel test results showed that soil organic matter had significant
effects on the soil bacterial community structure at the genus level. [Conclusion] The results
suggested that soil bacterial abundance was higher in summer than in winter (P<0.05), while
there were no significant differences in soil bacterial relative abundance and diversity between
the four habitats around the Pulang Copper Mine in summer and winter (P>0.05). The findings
contribute to the understanding of mine ecosystems and provide a theoretical basis for the
ecological restoration and soil pollution treatment in mining areas.

Keywords: Pulang Copper Mine; subalpine meadow; soil bacterial community; nutrient; diversity
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BEATRIE
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g, REH . X 2 AFNIILH AR
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VEASHRRAL LU O R A SR AR S R G
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*1 XERERFEEXR

1A

1.1 #
1.1.1 #&m

WA T ARG BT, B AR
B 72 km, BIXEF 6.052 1 km?, HbFRARFR N
99°57'57"-99°59'57"E, 27°59'59"-28°05'59"N,
RN 3 600—4 500 mH'2,

TR A A4 X i 4 ASAS [R] /N A 855 O
IR I RS- Y S I A=A i)
PEATAFSY, L Ry L ) R L A b A A A
BRI 2 R A S FE R A, W L AR A
LR Ml 2 AR B JE S A 2 AR AR, T
2020 FE44Z5(2020 4F 11 H)FI12021 4F 3 Z5(2021 4F
6 H)RE RN, FWIEREECRE, I
KFERE R 0-20 cm, FFHPEAMEsE, HoR
4R 28 fy 1 IEFE N, SRAESERE IS BR 25 AR R A AE
PR R FERAT, U R IO O R A4S
WS SR AEAFELE 1,

EAKEY G

Altitude (m) Herbaceous plants ID

Table 1 Basic information about the sample plots

A 2R A 2353 G4 HERREL K
Habitat Longitude (E) Latitude (N) Soil type
WLk 99°97'25" 28°04'31"  HEARIE 3596
Mine woodland Dark-brown

™) earths

Wrilisfy  99°70'58" 27°92'00"  flE 3299
Subalpine Brown

meadow earths

(ZC)

LA RLHb, 99°40"22" 27°59'32" g 3433
Valley meadow Brown

(SS) earths

Wikt 99°78'90" 28°01'08" Mt 3427
Subalpine Dark-brown
woodland earths

)

BREM-YW. ## M-IG
Iris tectorum M-Y W, Sambucus chinensisM-JG

R ZC-YW, %JLZC-QJ, R#E ZC-LD, Hfi
ZC-CD

Iris tectorum ZC-YW, Gentiana macrophylla ZC-QJ,
Sellera chamagjasme ZC-LD, Festuca pratensis ZC-CD
M55 SS-YM. FL#R SS-2S. =it#i $S-ZS, A
SS-HH

Dactylis glomerata SS-YM, Poa annua SS-ZS, Trifolium
subterraneum SS-ZS, Piptanthus concolor SS-HH
ZILF-Ql. R F-YW., #85 FJG. /Mt F-BC
Gentiana macrophylla F-QJ, Iris tectorumF-YW,
Sambucus chinensis F-JG, Primula forbesii F-BC
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1.1.2 FERFTINE
AxyPrepDNA &ERE RIMGT &, & Bk
Wy 4 AR (BN A BRZA F] s E.ZN.A.®Soil DNA
Kit, Omega 2\ Fl .

pH 11, X AR 2 AL ) A PR A F
LA WA e T, BT ER A BR A
TEIRFEIR , i K 2 SO0 A5 1 A7 BR A A
AR VKA, WA A A PR A s g,
REH R A R A | RS, b
g —ER A A A R KIABEE, RigY
TR A PR A ]l ; PCR AL, Promega A Fl.
1.2 IR FRAVNE AR B S RN E
121 HEBAMRAUE™

-3¢ pH {ECR FH AL E K 2l 2.5:1;
T HEA P iR KoCrO, 45 f i (G Ak-Fh i
DM 5 - SR A AL et R A - i
E; ISR R E ZENE ; HiES
B & 5ok NaOH B RE-FHES BT L (ke ; £
A 30 B iR T NaHC O I R 5 ; 114
B R NaOH J6 - KOG BE VR ;. 3
TS P (] 2 BR B2 AR - KO G EE TR E
1.2.2 HEFERNE

T HE I ZHE Ve AL aUR e AE R A TR
NEIR PCR 3 e 0 1 320 5
Mro 514813t M 341F (5'-CCTAYGGGRBGCAS
CAG-3")F1 806R (5-GGACTACNNGGGTATCT
AAT-3"); F|Jf] E.Z.N.A."Soil DNA Kit $£ B A
H DNA, FIH 1%35 B W BRE i F Dk Ao 0 ik 2 1Y)
FEPHZH DNA, 4@l e X5, V3-v4 & i A
barcode [475F 514, PCR JXWiiA% . 5xFastPfu
buffer (4 uL), dNTPs (2.5 mmol/L) 2 uL, 5]
PJ(5 pmol/L) 0.8 uL, FiiF5141(5 umol/L) 0.8 uL,
FastPfu Polymerase 0.4 pL, BSA 0.2 uL, #ig
DNA 10 ng, ddH,0 % & 20 pL., PCR JZ i 2514«
95 °C 3 min; 95°C30s, 55°C30s, 72°C45s,

32 AMEFR; 72 °C 10 min; 10 °CE 4%
7 2% B W RE I L DK A
1.3 BB

K SPSS25.0 1 Excel # 4t AT 564811
A3 ATRIBA TR 2 2243 H1 (ANOVA) . f# i QIIME
Y OTU Rt #AE/ 2K HocH ACE 5451,
Chaol 8%% . Shannon f§%% % Sobs #5%%, %M
Origin2021 #1 Omicstudio £ &l

2 ER59

2.1 HIEBUMR

55751 FAR A7 JR) 0 A 1L PR R I 5 L AR
HHLTA 91N 188.5 g/kg Fll 176.0 g/kg, T35
T s A o A Ik A 4
Tl I U B wE o 6.3 glkg. 1.35 g/kg
20.1 mg/kg, I FHA 3 NS (LA E
Hh B R S AR AR, O 87.5 mg/kg, WK
FHA 3 ANEBE, AL, 4 AR AR ] 4 B
ST B TR EEER.

AZELHEAVT RIS EFHFE M E
B, BT LM AT 5 LLobcHb B 3 e T = L
FAAANLASE M T lMob SR 2. R
il . SRAKCER RN ALCHE 3 ) 6.8 g/kg . 1.0 g/kg.
651.8 mg/kg. 47.6 mg/kg Al 21.1 g/kg, ¥ET
Hoh 3 ANAEBE(R 2). HEFBHEME, 205
HWIE 4 NMESREM I B EEES

HEBMW, &0k e T
A A ML R PR A B I
AP AT R R EINT H R (P<0.05), 4%
T BEACH B AR 4 ARSI R P B
F R BRH(P<0.05), MHEAB S RIEE S
275 [0 TG B E 2 F(P>0.05) (35 3).
22 TEFDTRIEN

R4 A R R A TR R AR
Xof 7 B R S AN ) A 58 1 - 43 52 4 ET TR A

- PCR
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Table 2  Soil nutrient contents in investigation regions

=1 IR AP Eor R el Bt 2R LA O
Season Habitat SOM (g/kg) TN (g/kg) TP (g/kg) TK(g/kg) AN (mg/kg) AK (mg/kg) AP (mg/kg)
HZ M 188.5+1.8a 6.3+0.1a 1.35£0.9a 15.4+0.9a 217+9.9a 177.4£5.3a 20.1+1.0a
Summer ZC 105.4£26.9b  4.0+1.3b 0.7£0.1b 14.7£3.4a 155.8428.8b  196.8+44.9a  7.8+l.4c

SS 76.28+38.8c 2.540.4c 0.9+0.1b 13.6+£3.7a  87.5£9.0c 201.0£23.9a  7.0£2.7¢c

F 176.0+5.8a 5.2+0.6b 0.6+£0.2b 159+1.1a 222.2441.4a  247.9+54.5a 13.3£2.0b
&= M 143.6+28.2a 6.8+1.3a 1.0+£0.2a 12.3+1.1a  651.84201.7a 47.6*14.6a 21.1£10.9a
Winter zC 32.3+4.1b 2.4+£1.1b 0.8+0.1a 12.8+1.0a 248.4+28.9b  12.5+3.8¢c 9.0+2.9b

SS 22.4+10.6b 1.6+0.6b 0.7+0.2a 13.240.5a 154.8476.8b  25.0+12.4b 8.9+4.7b

F 126.4+60.3a 5.0£1.0c 1.0£0.1a 11.242.3a  487.8453.0c  30.5+5.7b 15.8+6.4a
Ie 511 B4 S AN ) /N 7 Bk R A5 X ) 22 5 3 25 (P<0.05). M B ILAkH; ZC: WSy SS: N4 F: W
7S

Different lowercase letters after the same column of data indicate significant differences in the survey interval (P<0.05). M:

Mine woodland; ZC: Subalpine meadow; SS: Valley meadow; F: Subalpine woodland.

x3 MRXEDRIRE. ERETREBUMERIER

Table 3 Comparison of soil nutrient contents of plant rhizosphere in investigation regions under summer

and winter

AR =y ML o e el BRA: 2L B AR

Habitat  Season SOM (g/kg) TN (g/kg) TP (g/kg) TK(g/kg) AN (mg/kg) AK (mg/kg) AP (mg/kg)

M B 7% Summer 188.5+1.8a  6.3x0.1a  1.35£0.9a 15.4+0.9a 217+9.9b 177.4+53a  20.1%1.0a
&2 Winter 143.6£28.2a 6.8+1.3a 1.0+0.2b 12.3+1.1a  651.8+201.7a 47.6+14.6b 21.1£10.9a

7C EZ Summer 105.4+26.9a 4.0£1.3a 0.7£0.1a 14.7£3.4a 155.8428.8b 196.8444.9a 7.8+1.4a
A-Z% Winter 32.3+4.1b 2.4+1.1a 0.8+0.1a 12.8+1.0a 248.4+28.9a 12.5+3.8b 9.0£2.9a

SS 2 Summer 76.28+38.8a 2.5+0.4a 0.9£0.1a 13.6+£3.7a 87.5+£9.0a 201.0+£23.9a 7.0+£2.7a
&2 Winter 22.4+10.6b  1.6+0.6b 0.7£0.2a 13.2+0.5a 154.8476.8a 25.0+12.4b 8.9+4.7a

F HZ Summer 176.0+5.8a  5.2+0.6a 0.6+0.2b 15.9+1.1a 222.2+41.4b 247.9454.5a 13.3£2.0a
X Z% Winter 126.4£60.3a 5.0+1.0a 1.0£0.1a 11.2+42.3b  487.8+53.0a 30.5+5.7b 15.8+6.4a

(7 1) K503 I A [) /N 7 Bk 2 7R T £ DX ) 22 S (.35 (P<0.05). M: 7 Ikl ZC: Wil Bif; SS: IS &H; F:
Ak

Different lowercase letters after the same column of data indicate significant differences in the survey interval (P<0.05). M:
Mine woodland; ZC: Subalpine meadow; SS: Valley meadow; F: Subalpine woodland.

ANYARIRHR =08 A, VI tER
FRMEE. F5. hE. Bz REZH
WeB = o 50 10 b £ R 44 o0 Hh A,
Hefmnsa s F£8 L2 EAKE, W&
fal LA DL . A B A S 5 )
4 105.4 g/kg . 4.0 g/kg A1 155.8 mg/kg, AbFAR

A, INBRHBR AL . A . 2
B YA B FE UL EKE, e iR A
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FH R & B A 5 R 13.6 g/kg . 87.5 mg/kg
7.0 mg/kg, AbFELZRE . HEHM 2 H
W bR 5 00 8 L Akl - 3 %43 43 2 T LAy
B b 55 I L R R (R 4).

A7 1L A5 B - 4 A SRR R R A (E
29K 1.6 g/kg F1 154.8 mg/kg, T HE KL
AR, HARTRIR AL F S L LR K.
[N a2 S W AN o = W I = ey
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T EE LU RES, SR, s
o IR Ry S A TIY 7 S RS R A=Y 7 S )
HFEES . SRR S, LFMiEy
L 5 0 7 L bk 3 3R 40 et i I A
B 5 0 L B (R 4)

AR A, 5% 3R o A
BTAZE, Kl s E T LG LRSS
NRE T, BREEEANTE RPN —K,
KR, R U ERCE A AR A
F, A AT AR AR S, K R
TP AR, TN T AR AR By 4 8574 1Y
R A A S v - % 0 f e 2 0 LU b,
55 LlobcHl s DR AT BB SR AT LU b T Ak £
B B S N R, XX R ZE TR
A TR R AR AL F AR (i, B FE BT
%, IR,

23 TEMHRHEE o ZHEM

HZ=0" 11MHL ACE $5%0F1 Chaol 5%
. AR ARG, 1 BT LR kb - 458 A0 TR R
TERENT = B ey, LA R 2 TR A VR X
FRE R . W Ak Shannon FE AR, 3
I w5 LLobRcHD, IR TR e 7 2 e i . AT

*4 MREXIDBEFDHSBFENEGR

e 355 ] 358 20 TR Vi AT T2 B S AR TE
25 5 (P>0.05),

22\ 2 LAk L ACE 45 %% F1 Chaol 48 %%
i, FEMHAZE N LR - 35 A0 T RS AR X
JE . Wl #E 4 Shannon F5%0H s, F
7 e Ll ) RN TR 2RV = T ILAS Bk . B
LR B 0 = LMkt . 5 5 2R A ], &2
TR A 55+ 3E1A] 1Y Shannon $5%k . ACE $8%0H
Chaol #5470 i % 25 5 (P>0.05).

5K EM, 42515 Chaol $5%(H1 ACE
Fe By B AT 5 2 (P<0.05), £ HE F 540
VR AN 2 B 2 R T AR, HR— AR5
H 7 5 & 7 11 Shannon FEE LB ¥ 2%
(P>0.05) (3% 5)

24 TIRME P SHMESH

575 - A ol A Y B A A AR #
A 4325 OTU 4k 8 835 />, 4 MAIREFEA Y OTU
BH K LT 5 H A B0 I AR 691 A
7.8%, WA 2 085 4>, 23.6%, LLIATEHY
9354~ 10.6%, V= LAk 865 1>, 9.8%; 4 4
AR AT B OTU 30 H 4 1 695 4, 15 & OTU
BOHM BN 19.2% (K 1A),

Table 4 Classification of soil nutrient contents in investigation regions

=0 AR LR o XU 4 B A% 20 AL AL
Season Habitat SOM (g/kg) TN (g/kg) TP (g/kg) TK (g/kg) AN (mg/kg) AK (mg/kg) AP (mg/kg)
"7 M I I I 11 I 1I 11
Summer VA® I I I v I II v

SS I I II v v I v

F I I I I I I I
vES M I I il v I \Y% il
Winter ZC I | I v I VI v

SS I I 1 v 1 VI v

F I | 1I v 1 \% I

[ 51 B8040 i AN [F] /N 7B R 8 A X JR] 22 57 1 3 (P<0.05). IR VI: — 2 8% M: & 1Ak ; ZC: Wili&f; SS: 1l

MM Fo s Ak

Different lowercase letters after the same column of data indicate significant differences in the survey interval (P<0.05). [-VI:

Level 1 to level 6; M: Mine woodland; ZC: Subalpine meadow; SS: Valley meadow; F: Subalpine woodland.
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Table 5 Comparison of soil alpha diversity index under summer and winter

He R Z=y ACE index Chaol index Shannon index

Habitat Season

SS ¥ Z Summer 2 592.95+£224.76a 2 553.50+£228.4a 5.9840.15a
478 Winter 1248.10+66.21b 1 260.98+65.52b 7.43+£0.40a

F E Z Summer 2 645.85£145.52a 2 580.35£135.62a 6.22+0.13a
478 Winter 1399.53+48.13b 1 402.35+47.64b 8.08+0.18a

M B Z Summer 3 208.95+360.85a 3119.05+337.85a 6.21£0.29a
478 Winter 1 346.30+54.90ab 1 368.30+70.50b 7.86+0.16a

7C 2 Summer 3003.85+113.94a 2 864.48+110.52a 5.86+0.17a
A Z% Winter 1 335.10+33.18b 1362.15+£35.77b 8.37+0.12a

[F) 51 5408 J AN [R) /N 7 BRI 22 5 i 5 (P<0.05). M W thidkd; ZC: W@ fy; SS: INAFRH; F: &
7S

Different lowercase letters after the same column of data indicate significant differences in the survey interval (P<0.05). M:
Mine woodland; ZC: Subalpine meadow; SS: Valley meadow; F: Subalpine woodland.

A ss ZC B SS Zc
] 935 2085 4 26
F 340 M F 95 M
325 90 9 1
865 375 161 691 18 214 10 0
1695 1288
226 170 138 5
210 418 47 84
244 14

1 EFQNEFB)EAEWIRFRLIEMAE OTU Venn M: #°ILAkHL; ZC: T IL A5 SS:
WA ELHE ; Foo P L AR HD
Figure 1 Venn diagram of bacterial operational taxonomic units in rhizospheric soil of herbaceous plants in

summer (A) and winter (B). M: Mine woodland; ZC: Subalpine meadow; SS: Valley meadow; F: Subalpine
woodland.

278 - A S 3 s B A T AR 2 kg — A i) BRI R AR, AR P
A4y OTU 21953 4, 5EZFEAN, £F 44 AFEMAPEBRERME SR LFRAMY)
BT S OTU MIMRIEEM &5, 4 AMEBEIrILA M ARPR AR OTU AN FEEF R, 7EJR K
OTU ¥ H M 12884, i OTU $1Y 65.9%. 3SR BT HEAT 3 B4 53 BT (principal component
4 AN OTU B HA/b, e L%, analysis, PCA). Z5REM, HBMER RN
Ll B O s LR PR ) OTU B H 4350 @ 7K 40 28 1 4t 11 B v 1 £ B4 1 (PCHFI
26, 4 F1 18 4, A ILIAHIN JCEA OTU (I 1B). a4y 2 (PC2)RIRE b 22 5 1k 5 ik 2 40 591l ik 3]
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31.3%F11 20.4% (& 2A). HZ 4 /AR
FLAAE YRR PR A 20 R R P AT AR R, T L
AR LLOMRCHb 20 TR RE 7 AR AL . A ZRAR B 38
Feah B K4 28T TR 19 E G 1 (PCY)
AR 2 (PC2)MHE 5 22 5 M DTk R 4 il ik
F] 21.2%F1 15.8% (& 2B), ol @& il dkh
A7 LB L R 11145 0 3t 40 R 2 95 2H AR R
2.5 TEMERERGMAER

- HERE S SEAGII 41 4N) 134 M40 321 A4
H 525 8L 1016 4~)& 2 357 Fh . BRI,
MTTAKE b, 40 B 8 20 A 78 i 2k 1 T
(Actinobacteriota) . “£JE [ ] (Proteobacteria) .
FRFT B 1] (Acidobacteriota) . 825 [ ] (Chloroflexi)
FERE T (Firmicutes), H 4 MARA S 51
Hei i 3 AR 13 BT (Actinobacteriota) |
LA I'] (Proteobacteria) 1 g T ]
(Acidobacteriota), 3 ™3TR AE T /5 LM b AH
X REA R 32.6% . 26.5%F1 15.0%, 7E4" 1L

)
\

A

— (3] (5] =
o © o
T T T T

7]
n=

PC2 (20.4%)
o

ol . Q
~20 2
ol

—40 F

1 1 1 1 ]
40 20 0 20 40 60
PC1 (31.3%)

MRHBAR XS B 23500 R 25.1% . 28.9%F11 14.8%,
TE A5 B AR XS EBE 2300 0 31.8% . 23.9%F
14.2%, 7NV LB AR AR SF B 231 26.5%
23.2%F1 13.5% (& 3A).

ZZME], NTARCE L, A0 2 A TERRA T
il J(Acidobacteriota) . £kl ](Actinobacteriota) .
AT 1] (Proteobacteria) . JEEEF [ (Firmicutes)
1 %7 B M TR ] (Gemmatimonadetes), 5 H 2
—FE, 4 D HLIX AT R R 1 3 AN
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Figure 2 Principal component analysis diagram of soil bacterial communities in rhizospheric soil of
herbaceous plants in summer (A) and winter (B). M: Mine woodland; ZC: Subalpine meadow; SS: Valley

meadow; F: Subalpine woodland.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1574

A=)

FIER

Microbiol. China

100

75

50

Abundance (%)

25

Species

I Others

[ p_Desulfobacterota
| p_Methylomirabilota
[ p_Planctomycetota

[ ] p RCP2-54

[ p_Patescibacteria
[ p_unclassified_Bacteria

p_Myxocoecota
p_Bacteroidota
p_Verrucomicrobiota
p_Firmicutes
p_Chloroflexi
p_Acidobacteriota
p_Proteobacteria
p_Actinobacteriota

100

75

50

Abundance (%)

25

M IG

F BC

F G
FQ
F YW

B p_Cvanobacteria
[ p_Thaumarchaeota
[ p_Verrucomicrobia
[ 1 p_Bacteroidetes

I p_Gemmatimonadetes
[ p_Chloroflexi

B p_Firmicutes

1 p_Actinobacteria
0 p_Acidobacteria
[ p Proteobacteria

a
Ul
Q
N

o
-
o]
N

&3 EFAMEZEZB)HERAREEEIIKELMER

Figure 3 Bacterial communities composition on phylum level in summer (A) and winter (B).
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Figure 4 Bacterial communities composition on genus level in summer (A) and winter (B).
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Figure 5 Mantel test under dominant genus of bacterial communities and environmental factors in summer.
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Figure 6 Mantel test under dominant genus of bacterial communities and environmental factors in winter.
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